Background: Exposure to psychological stress can elicit a physiological response that may influence characteristics of the gastrointestinal mucosa, including increased intestinal permeability, in turn possibly increasing susceptibility to gastrointestinal infections. We investigated whether low stress resilience in adolescence is associated with an 'increased' risk of gastrointestinal infections in subsequent adulthood. Methods: Data were provided by Swedish registers for a cohort of 237 577 men who underwent military conscription assessment in late adolescence . As part of the assessment procedure, certified psychologists evaluated stress resilience through semistructured interviews. The cohort was followed from conscription assessment until 31 December 2009 (up to age 57 years). Cox regression assessed the association of stress resilience with gastrointestinal infections (n = 5532), with adjustment for family background measures in childhood and characteristics in adolescence. Peptic ulcer disease (PUD) in adulthood was modelled as a time-dependent covariate. Results: Compared with high stress resilience, lower stress resilience was associated with a 'reduced' risk of gastrointestinal infections after adjustment for family background in childhood, characteristics in adolescence and PUD in adulthood, with hazard ratios (and 95% confidence intervals) of 0.88 (0.81-0.97) and 0.83 (0.77-0.88) for low and moderate stress resilience, respectively. Conclusion: Lower stress resilience in adolescence is associated with reduced risk of gastrointestinal infections in adulthood, rather than the hypothesized increased risk.
Introduction
T he intestinal mucosa is exposed to a high antigenic load from ingested food and resident microbiota. 1, 2 The epithelial cell layer, interconnected by tight junctions, plays a major role in restricting transcellular and paracellular permeability across the gut mucosa of luminal antigens including infectious pathogens. 1, 2 It is thus an important component of barrier integrity [1] [2] [3] together with mucus and immunological mechanisms. 1, 4 The focus of this paper is on the association of stress resilience with infection risk, as stress has been shown to influence intestinal barrier integrity and may increase the risk of infection. 3, 5, 6 Elevated levels of stress hormones have further been suggested to suppress the immune response to infections through shifts in cytokine profiles. 7 GI infections include bacterial (including toxin-induced), parasitic and viral diseases, as well as those where an infectious aetiology is assumed but not fully characterized. 8, 9 The majority is enteric bacterial infections [8] [9] [10] [11] and is primarily foodborne, but risk factors can vary by species and strain. [8] [9] [10] [11] Immune status of the host and microbial strain virulence influence risk and severity of infections such as Salmonella, Campylobacter and Clostridium. [11] [12] [13] [14] Psychosocial stress has been linked with a raised risk of infections in animal models, 15 and some human studies have suggested that psychosocial stress increases the risk of bacterial infections (pulmonary tuberculosis and pneumonia) 15 and viral infections (common cold and influenza). 5, 15 Psychosocial factors (including stressful life events, inadequate coping strategies and bereavement) have also been found to accelerate viral load increase rate 6, 16 and CD4 cell decline 6 in human immunodeficiency virus (HIV) 6 and human papillomavirus (HPV) infections. 16 We have previously demonstrated an association of stress resilience with GI disease where Helicobacter pylori infection is involved; low stress resilience was associated with a raised risk of peptic ulcer disease (PUD). 17 However, evidence is lacking on the influence of stress resilience for other types of GI infections, including enteric infections.
Here we use a measure of stress resilience in adolescence, a marker of greater susceptibility to experiencing chronic stress. This measure in adolescence is associated with higher risks of subsequent depression and anxiety in middle age, 18 as well as other stressrelated diagnoses, 19 signalling that stress resilience, as defined here, is a somewhat persistent characteristic across adulthood. We hypothesized that low stress resilience may be associated with increased risk of GI infections due to its impact on the barrier and immune function. 3, 7, 20 This study followed a national cohort of men for more than three decades to investigate the association of stress resilience in adolescence with subsequent GI infections in adulthood.
Methods
The study population was males who were born between 1952 and 1956 and attended a compulsory military conscription assessment in Sweden between 1969 and 1976. Using the unique personal identification number assigned to all Swedish citizens, the Swedish Conscription Register, the Patient Register, the Total Population Register and the Population and Housing Census in 1960 were linked.
Exposure assessment
The Swedish Conscription Register provided data on stress resilience and indicators of health in late adolescence, including body mass index (BMI), cognitive function, erythrocyte sedimentation rate (ESR), erythrocyte volume fraction (EVF) and medical history (summary disease score).
Stress resilience
Psychological evaluations were conducted through semi-structured interviews by a certified psychologist. The inter-rater reliability was regularly tested and has been reported to be high (r = 0.85). 21 Using information from a questionnaire completed in advance, the interview usually took 20-30 min during which the men were asked an array of questions. 21 The interview was designed to identify their potential ability to withstand combat stress. 22 The score of stress resilience was based on five-or nine-scale normal distribution ratings of emotional control, social maturity and psychological energy. 18, 21 As in previous studies, we classified this into low (1-3), medium (4-6) and high (7-9). 18, 23 Potential confounding factors and other covariates Data on sex, birthdate, region of residence, vital status and migration came from the Total Population Register. 17 From the Population and Housing Census in 1960, we obtained data on parental socioeconomic index (SEI) based on occupation and household crowding during childhood. Parental SEI was characterized as office workers, business owners/managers, manual workers, agricultural workers, farm owner/managers and other. Household crowding in childhood was divided into two categories for less than two persons per room or more than two persons per room.
Measures in adolescence came from The Swedish Conscription Register. BMI was derived from measures of height and weight and categorized as; underweight (15-18.49), normal weight (18.50-24.99) and overweight/obese (25 or higher). Since there were few obese men in this cohort we combined the overweight and obese categories. The assessment of 'cognitive function' comprised four subtests that measured verbal (synonym detection), logical (general intelligence), spatial (geometry perception) and technical abilities (mathematics or physics problems). We categorized the score into low (1-3), medium (4-6) and high (7) (8) (9) . ESR, the distance that a column of anticoagulated blood falls in 1 h, 17 was an indicator of systemic inflammation. Blood samples were collected and analyzed for ESR and EVF. We standardized ESR for EVF by adjustment and divided ESR into five categories: 1, 2-6, 7-10, 11-14 and !15 mm h À1 . ESR <1 or >98 mm h À1 and EVF <0.20 or >0.75 were considered non-valid in this study. The summary disease score summarizes functional impairment or chronic disease at conscription assessment and provides an indication of how significant the condition was. The five categories are very significant problem, significant problem, fairly significant problem, no serious problem and no diagnosis.
PUD during follow-up was identified using data from National Patient Register [International Classification of Diseases (ICD) codes: 531-534 for ICD-8 and -9, and K25-28 for ICD-10].
Follow-up and outcomes
Most men were aged 18-19 years at the conscription assessment and were followed from the conscription assessment until death, emigration or 31 December 2009 (to a maximum of age 57 years). The Swedish ICD codes were used to identify GI infections: ICD-8/9 000-009 and ICD-10 A00-A09. Some commoner identifiable enteric bacterial infections were characterized separately to examine if the associations differ by infection type: Salmonella (ICD-8/9 003, ICD-10 A02), Campylobacter (ICD-10 A045) and C. difficile (ICD-10 A047).
Analytical sample
Using the sample of 284 257 men who were born between 1952 and 1956, following exclusion criteria were applied: emigration or death before conscription assessment, unreliable personal identification number or vital status and female sex (n = 3284), those aged under 17 years at assessment, and those with missing data for variables used in the analysis (n = 40 189). Men were also excluded if they had gastrointestinal diseases before the study period as identified by medical records at the conscription assessment, and diagnoses identified in the National Patient Register (ICD-8 000-009, 530-543, 555-558 and 560-577) (n = 3148). A total of 284 198 males were identified and 46 621 (16.4%) men were excluded for the reasons described, leaving 237 577 men in the analytical sample.
Statistical analysis
Associations of stress resilience in adolescence with the risk of subsequent GI infections in adulthood were evaluated by Cox regression. The follow-up was from the conscription assessment date until first recorded diagnosis of GI infection, death, emigration or study end on 31 December 2009, whichever occurred first. We examined the proportional hazards assumption and found no evidence of violation.
We adjusted for family background measures: parental SEI in 1960, household crowding in 1960 and region of residence. Adjustment was also made for characteristics in adolescence: cognitive function, BMI, ESR, EVF and summary disease score. PUD was modelled as a timedependent covariate so that the exposure began at the time of the first diagnosis. Analyses to evaluate associations between stress resilience in adolescence and specific infections were conducted separately for Salmonella, Campylobacter and C. difficile. The follow-up period for Salmonella was the same as the analysis of other GI infections. Due to a lack of specific codes in earlier ICD revisions, the follow-up for Campylobacter and C. difficile infections was from 1 January 1997, until first diagnosis, death, emigration or study end on 31 December 2009.
All measures were modelled as categorical variables with age as the underlying time scale. Analyses were conducted using SPSS software versions 23 and Stata version 13 or 14.
Ethical permission
The project was approved for by Uppsala Regional Ethics Committee (Dnr 2014/324).
Results

Study population characteristics
A total of 237 577 men were followed from late adolescence to a maximum of age 57 years. During the follow-up, 5532 first diagnoses of GI infections were identified. Table 1 illustrates characteristics of the study population by stress resilience level. Men with low stress resilience in adolescence were more likely to have low BMI, poorer cognition and worse health (indicated by the summary disease score), compared with men with moderate and high stress resilience. In addition, a higher proportion of men with low stress resilience had a parent who was a manual or farm worker and experienced more household crowding in childhood compared with men with moderate or high stress resilience. PUD was most common in the lowest stress resilience group compared with the moderate and high stress resilience groups.
Gastrointestinal infections
The adjusted model (table 2) , indicate a 12 and 17% reduced risk in low and moderate stress resilience groups, respectively, compared with high stress resilience group. Poor health in adolescence signalled by the summary disease score was associated with an increased infection risk, as was PUD in adulthood. Cohort members whose parents were manual workers or worked in agriculture/owned farms in childhood, compared with those whose parents were office workers had a reduced risk of GI infections in adulthood. Greater household crowding in childhood was also associated with reduced risk of infections. There were no notable associations with BMI, ESR and cognitive function in adolescence.
Salmonella
Among men diagnosed with a gastrointestinal infection, a total of 662 were diagnosed with Salmonella. Low and moderate stress resilience in adolescence is associated with a reduced risk of Salmonella infection in adulthood. The adjusted hazard ratios (HRs) (95% confidence intervals) are 0.70 (0.53-0.91) and 0.83 (0.69-1.00) for low and moderate stress resilience, respectively. PUD in adulthood is also associated with increased Salmonella risk with an adjusted HR of 3.43 (1.77-6.65).
Campylobacter
Among men with a gastrointestinal infection, 284 were diagnosed with Campylobacter infection. Lower stress resilience was not associated with risk of Campylobacter infection compared with the high stress resilience group. The adjusted HRs are 0.95 (0.64-1.39) and 0.89 (0.67-1.18) for low and moderate stress resilience, respectively. PUD in adulthood is associated with a notably increased Campylobacter infection risk with an adjusted HR of 4.16 (1.33-13.02).
Clostridium difficile
A total of 242 men diagnosed with C. difficile were identified. Stress resilience was not associated with C. difficile infection; the adjusted HRs are 0.96 (0.62-1.51) and 1.11 (0.78-1.58) for low and moderate stress resilience, respectively. PUD was associated with increased C. difficile infection risk with an adjusted HR of 6.60 (2.92-14.92).
Discussion
This large national cohort of men was used to evaluate if stress resilience in adolescence is associated with subsequent GI infections. In contrast with the a priori hypothesis, low stress resilience in adolescence was associated with a 'reduced' risk of GI infections in adulthood. There was no evidence that low stress resilience increased the risk of specific bacterial enteric infections, Salmonella, Campylobacter and C. difficile.
The evidence for an influence of psychosocial stress on GI infection risk, especially enteric infections, in humans is limited 15 but psychosocial stress has been associated with increased viral load in HIV and HPV 6, 16 and elevated risk of diagnosis or severity of other infections (upper and lower respiratory tract). 5, 15 However, as we only observed inverse or no associations for stress resilience with the GI infections, our initial hypothesis was falsified. The mechanisms by which chronic stress could hypothetically induce intestinal barrier dysfunction may be through activation of HPA axis, dysregulation of the immune system, 1,3 and chronic stress may lead to low-grade inflammation 3 increasing intestinal permeability facilitating passage of microorganisms and toxins. 3 As low stress resilience was associated with a 'decreased' risk of GI infections, we can only speculate about the underlying mechanisms. Some adult-onset chronic diseases may impair immune function thus 'increasing' infection risk, but this potential confounding cannot account for the observed inverse associations. We addressed the potential role of PUD, as we previously identified that low stress resilience is associated with an increased risk of receiving a PUD diagnosis. 17 After diagnosis, a high proportion of patients will be treated using proton pump inhibitors reducing gastric acid production; and this is a well-recognized risk factor for GI infections 24 : we observed notably increased risk of GI infections after men received a PUD diagnosis.
Although in contrast with our a priori hypothesis, the results are consistent both with other measures in this study and with other research. Several studies have shown that 'lower' socioeconomic position, lower income and poorer qualifications are associated with decreased risk of enteric infections. 10, 11 Such characteristics are also associated with a greater proportion with lower stress resilience as demonstrated here: cohort members whose parents worked in agriculture or were manual workers and those who lived in more crowded households in childhood were at a reduced risk of GI infections in adulthood. It is thought that low stress resilience may result from greater exposure to psychosocial stress in early childhood 25 and this is also associated with greater material disadvantage, as indicated by lower parental SEI and greater household crowding. This disadvantage will have tended to increase microbial exposure in childhood, which can lead to more effective development of the gut's immune function. 26 Thus childhood environment could influence both developments of more effective immune function and poorer stress resilience in some individuals. Whilst we adjusted for markers of childhood conditions, it remains possible that such early life influences, coupled with later life factors like the putative role of gastric acid production, could explain our results.
As the results were in the opposite direction to that defined by the a priori hypothesis, or null, residual confounding creating a spurious positive association between low stress resilience and GI infections is not a concern. In addition to childhood factors, we also adjusted for characteristics in adolescence including markers of disease risk (BMI, cognitive function, ESR and the summary disease score). Poorer health in adolescence (indicated by the summary disease score) was associated with increased risk: some chronic diseases may influence both stress resilience and increase GI infection risk through suppressed immune function. Cognitive function was included as it is relevant to behaviour as well as educational attainment, income and socioeconomic circumstances in adulthood, 27 although it may be considered over-adjustment as it is associated with stress. 28 ESR, which was not associated with infections, is a marker of inflammatory processes-that may be associated with the gut 3 -and this measure has been associated with smoking, but not consistently. [29] [30] [31] This longitudinal study focuses on stress resilience instead of a measure of stressful exposure. This is because individuals react differently to stressful exposures and resilience addresses these interindividual differences in stress susceptibility and the likelihood of experiencing chronic stress. This measure of resilience is arguably more useful than measures of exposure since it determines how effectively the body will return to a more optimal state following a stressful exposure, thus avoiding chronic dysfunctional arousal and thus a greater risk of disease sequelae. 32 A measure of resilience also has a substantial advantage in avoiding reporting bias associated with remembering stressful events.
The original purpose of the stress resilience measure was to investigate the potential conscripts' psychological ability to cope in military service and especially in combat. 22 However, the measure is relevant to stress in daily life as it includes psychological dimensions such as emotional stability, psychological energy and social maturity. Emotional stability included evaluations of the ability to control nervousness, disposition of anxiety and tolerance of psychological stress in general. Psychological energy indicates ability to solve problems or undertake activities even under adverse conditions, while social maturity indicates extroversion and social independence. 21, 22 The assessment of stress resilience was based on activities and attitudes in daily life, further indicating its suitability for research into outcomes in civilian life.
A potential limitation of this study is that we could not look at the 'combination' of resilience and stressful exposures. While there is evidence that this measure of stress resilience represents a persistent characteristic, 17, 18, 33 another potential limitation is that stress resilience can change over time in some individuals: both issues may mean that the magnitude of the associations may be conservative, but this cannot alter their direction. The grouping of all GI infections is heterogeneous and presentation may potentially be influenced by other conditions such as irritable bowel syndrome (although IBS would likely have a 'positive' association with low stress resilience and thus unlikely to account for our results). 34 Often it is not possible to identify the responsible organism, so to tackle this imprecision and heterogeneity we also examined more specific and reliable (as made in hospital) diagnoses, Salmonella, Campylobacter and C. difficile, which produced results consistent with the main analysis. However, the number of diagnoses is relatively low as Salmonella and Campylobacter tend to be underreported since most infected individuals do not seek medical care 35 and infections identified here will tend to be of greater severity as they were diagnosed in the hospital. We could not take factors such as diet and foreign travel into account that may influence the risk of GI infections. 9, 11 This cohort comprised only men, so whether the results can be generalized to women is uncertain, although similar findings are likely.
Future studies of health implications of psychosocial stress should consider the combination of stress resilience and stressful exposures to more completely characterize disease risk. The conclusion of this study is that lower stress resilience in adolescence is not associated with an increased risk of GI infections in adulthood. We speculate that the observed inverse association may be influenced by factors such as patterns of childhood exposure relevant to both stress resilience and immune function.
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Key points
Psychosocial stress has been implicated in the aetiology of some types of infection including bacterial and viral infections. The influence of psychosocial stress on gastrointestinal infections, particularly enteric infections, has not been established. There is an unexpected association of lower stress resilience in adolescence with lower risk of subsequent gastrointestinal infections in adulthood. In New Zealand, The Gambling Act 2003 acknowledges problem gambling as a public health issue and mandates an integrated public health strategy that includes harm minimisation. 5 The Ministry of Health (the Ministry), responsible for this strategy, Evaluation of gambling harm-minimisation programmes
